ABSTRACT-The susceptibility of carp Cyprinus carpio to koi herpesvirus (KHV) was examined by experimental infections. Larvae of two strains of common carp were exposed to KHV by immersing the fish in water containing the virus at a dose of 10 1.6 TCID 50 /mL measured using KF-1 cells. No mortality by KHV disease was observed among any larvae (average TL: 7.5 and 8.7 mm). On the other hand, high mortalities (69% and 100%) were observed in common carp juveniles (TL: 13.8 and 29.2 mm). Koi carp larvae (TL: 6.9 mm) were challenged in the same experimental conditions as described above, in which no larva died. Two months later, the same fish (TL: 48.2 mm) were exposed to the virus again. This time, all fish died of KHV. These results suggest that carp larvae are not susceptible to KHV, and that they become susceptible as they grow up.
Koi herpesvirus (KHV) has been newly recognized as the causative pathogen for recent mass mortality among common and ornamental (koi) carp Cyprinus carpio 1) . We reported first detection of KHV in cultured common carp in 2003 in Japan 2) . Unfortunately, KHV outbreaks have occurred in natural water and fish farms of common and koi carp throughout Japan. KHV is highly contagious and mortality is often very high. There is no information, however, about the susceptibility of larvae and juveniles of carp to KHV. In the present study, we tested the susceptibility of carp larvae and juveniles to KHV.
Materials and Methods

Virus
The virus used in this study was NRIA KHV 0301, which was isolated from a diseased common carp obtained from Kasumigaura, Ibaraki prefecture, in 2003 using KF-1 cell line. The virus was propagated with KF-1 cells at 20∞C, and supernatant of the virus culture at passage 3 was aliquoted and stored at -85∞C until experimental challenges.
Fish
Experiment 1: Fertilized eggs of common carp (Strain #1) were transported from a fish farm in Kumamoto prefecture to the Inland Station of National Research Institute of Aquaculture (NRIA). Strain #2 of common carp was bred from broodstock reared in NRIA. Fertilized eggs of both strains were disinfected with iodophor (200 mg/L, 15 min.) and kept in 60 L tanks at 24∞C. Both strains of carp fry were fed brine shrimp until 10 days after hatching and fed commercial diet thereafter. These fry were held in 60 L flow-through aquaria receiving well-water at 24∞C.
Experiment 2: Fertilized eggs of koi (taishosansyoku) were transported from the fish farm in Kumamoto prefecture and disinfected with iodophor (200 mg/L, 15 min.). The koi were held under the same conditions as described above for the common carp strains. All strains were bred from broodstock with no history of KHV disease. Stages of larva and juvenile were determined according to Nakajima .
Experimental infections
For each experimental infection, an aliquot of the stored KHV was thawed and diluted to 10 1.6 TCID 50 /mL (measured using KF-1 cells) with well water. Fish were exposed to KHV by immersion in the diluted virus solution for 1 hr at 24∞C. Control fish were similarly exposed to diluted cell-culture medium without virus for 1 hr at 24∞C. All fish were fed commercial diet once a day during the experiments.
Experiment 1
Challenge test for strain #1: Three days after hatching, sixty fry of strain #1 (average total length of 7.5 mm) were divided into three groups (n=20 each). Two groups were exposed to KHV, and the other one was used as control as described above. The fish of each group were kept in a glass laboratory dish (90 mm in diameter and 45 mm in height) at 24∞C for 21 days. Thirteen days after hatching, another 39 fish of the strain #1 (average total length of 13.8 mm) were taken from the stock and divided into four groups. Three groups (n = 9 or 10) were similarly exposed to KHV and the other group was exposed to the culture medium. These fish were reared in 1.4 L tanks at 24∞C for 21 days.
Challenge test for strain #2: Four days after hatching, 30 fry of strain #2 (average total length of 8.7 mm) were divided into two groups (n = 15 each). One of the groups was exposed to KHV, and the other was treated as the control as described above. The fish of each group were similarly kept in a glass laboratory dish (90 mm in diameter and 45 mm in height) at 24∞C for 21 days. Eighteen days after hatching, another 30 fish of the strain #2 (average total length of 29.2 mm) were divided into three groups. Two groups (n = 10) were similarly exposed to KHV and the other group was exposed to the culture medium. These fish were reared in 1.4 L tanks at 24∞C for 21 days. Rearing water was changed once a day for each challenge test.
Experiment 2
One day after hatching, two hundred larvae of koi (average total length of 6.9 mm) were divided into 2 groups (n=100 each) and kept in 60 L tanks with running well water. One group was exposed to KHV, and the other was treated as the control as described above. The 2 groups were reared at 24∞C for 2 months, and no mortality was observed for both groups after the challenge. Subsequently, thirty fish (average total length of 48.5 mm) were taken from the challenged group and exposed to KHV again in the same way as before (re-exposure group). Sixty fish were also taken from the control group and divided into two groups (n = 30 each). One group (average total length of 48.0 mm) was exposed to KHV as described (positive control group), and the other (average total length of 48.2 mm) was treated as the negative control. These 3 groups were kept in 60 L tanks and reared for 31 days at 24∞C.
Detection of KHV
Detection of KHV from dead fish and survivors was performed by polymerase chain reaction (PCR). PCR using KHV-specific primers 4) was done with the DNA extracted from the whole fish body with a Puregene DNA Purification Kit (Gentra Systems).
Results and Discussion
Results of the experiment 1 are shown in Table  1 . Three out of 40 fish died during the experimental period in the challenged larvae of strain#1. These deaths were not likely caused by KHV, because KHV was not detected from these dead fish. KHV was not detected from survivors after 21 days postexposure. On the other hand, 20 out of 29 strain#1 juveniles exposed to KHV died. KHV was detected from all of these dead fish except for one.
No mortality was observed in the two groups of the larvae of strain #2, irrespective of the exposure to KHV, whereas. All juveniles exposed to KHV died during the experiment. KHV was detected from all the dead fish. The mortality of juveniles of strain #2 was higher than that of juveniles from strain#1. The difference in mortality may have been caused by the difference in the size of fish, or by the difference of genealogy of the 2 strains.
Results of the experiment 2 are shown in Fig.  1 . Fish of the re-exposure and positive control groups that were exposed to KHV experienced 100% mortality within 16 days post-exposure.
Resistance of fish against pathogenic viruses usually increases as fish grow [5] [6] . The present study revealed, however, that the contrary is true for carp fry and KHV. Furthermore, the experiment 2 revealed that the juveniles that had been exposed to KHV in their larval stage did not have any resistance to KHV when they were challenged with the virus again. This strongly suggests that the resistance of larvae against KHV cannot be attributed to their internal immune system. Therefore, it is most likely that KHV cannot infect cells of larval carp or koi. Like many other viruses, entry of herpesvirus into target cells involves interactions of the virus with cell-sur- , and hence, the cells of larval carp may lack such receptors that are essential for KHV infection. On the other hand, it is also possible that the inner environment of the cells of larval carp is not appropriate for KHV propagation. In any case, the mechanism of resistance of larval carp or koi deserves future study. The precise developmental stage when carp become susceptible to KHV should also be determined.
